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-4) Switching laser beam apparatus for optical recording. 

3) A switching laser beam apparatus for optical recording 
DnpHses a laser (10) for proiecting a laser beam (12) In a 
rst path, a splitter (18) for generating a read-before-wrhe 
(22), a read beam (42) and a read-after-wrfte beam (24) 
.cm the laser t>eam (12), and an acoustic optical modulator 
i<\ between the laser (10) and the splitter (18) in the path of 
lie laser beam (12). A dHve circuit (38) generates a signal for 
:.vjsing the acoustic optical modulator (14) to produce a 
vrUe beam (44) by diffracting a predetermined percentage of 
T,B laser beam into a second path (46). A diverting device 
cC,62> diverts the write beam Into the first path after the 
splitter (18). 
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• SWITCHING LASER BEAM APPARATUS FOR OPTICAL RECORDING 

This invention relates to switching laser beam apparatus 
for optical recording. 

According to the present invention there Is provided a 
switching laser beam apparatus for optical recording comprising: 
5 a laser for projecting a laser beam in a first path; splitter 
means for generating a read-before-write beam, a read beam and 
a read-after-write beam from the laser beam; and an acoustic 
optical modulator between the laser and the splitter means in 
the path of the laser beam, characterised by generating means 
10 for generating a signal for causing the acoustic optical modulator 
to produce a write beam by diffracting a predetermined percentage 
of the laser beam into a second path? and diverting means for 
diverting the write beam into the first path after the splitter 
means. 

15 Preferably the apparatus includes detector means for detect- 

ing the write beam after reflection from an optical recording 
surface, the generating msans including adjust means for altering 
the frequency of said signal in response to the detector means. 
The. detector means may be a split field detector or a 

20 quad field detector. The quad field detector may include means 

for detecting the path of the reflected write beam in two dimensions 
to permit control in the two dimensions. 

In one ^ahodiment. attenuator means are disposed between 
the acoisstic optical modulator and the splitter means in the 

25 first path* 

The generating means preferably includes switch means 
responsive to a write signal for selectively passing said signal 
to the acoustic optical modulator for selectively producing the 
write beam. 

30 - In another embodiment the apparatus includes a beam stop ^ , 
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moimted at a position oijt of the second path, the generating means 
including means for generating a further signeil having a frequency 
different from that of the first— mentioned signal for causing 
^t.he virite beam to be diffracted to said beam stop^ rand means 
5 responsive to a write signal for selectively applying the first- 
mentioned and further signals to the acoustic optical modulator. 

The invention Is Illustrated, merely by way of example, 
in the accompanying drawings^ in which; — 

Figure 1 is a schematic view of a Icnown switching laser 
10 beam apparatus according to the present invention for opticail 
recording; 

Figure 2 shows a read-before-write beam, a read— after— 
write beam and a read or write beam focused on a track on an 
optical recording surface by the known switching laser beam 
15 apparat\is of Figure Ij 

Figure 3 shows schematically a first embodiment of a switch- 
ing laser beam apparatus according t:o the present Invention for 
optical recording; 

Figure 4 is a block diagram of a drive circuit of the 
20 switching laser beam apparatiis of Figure 3; 

Figure 5 shows schematically a second embodiment of a 
switching laser beam apparatus according to the present invention 
for optical recording; and 

Figure 6 is a block diagram of a drive circuit of the 
25 switching laser beam apparatus of Figure 5. 

Figure 1 Illustrates a known switching laser beam apparatus 
for optical recording comprising a gas laser 10 which projects 
a beam 12 through an acoustic optical modulator 14, a half-vave 
plate 16, and a diffraction grating 18, which splits the beam 
30 into three beams (best seen in Figure 2) conprlsed of a central 
read or write beam 20, a read-before-vrlte beam 22 and a read— 
after-write beam 24. The read or write beam 20 is Intended to 
be centered on a recessed track 28 (Figure 2), on an optical 
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recording surface 30 while the re atWbe fore -write beam 22 follows 
the left-hand edge of the track 28 and the read-after-wlte beam 
24 follows the right edge of the track 28. The three beams 20,22,24, 
after having been diffracted, pass through a field lens 48, ^ '^^' ^ 
5 polarizing beam splitter 50, a quarter-wave plate 52 and an objective 
lens 54 which focuses the beams onto the optical recording surface 
30. The beams are reflected by the optical recording surface 
30, and pass back through the objective lens 54 and the qiaarter- 
wave plate 52, to be reflected by the polarizing beam splitter 

10 50 towards a cylindrical lens 32 which focuses the read-before- 
write beam 22 and the read-after-write beam 24 onto track signal 
detectors 34,36 respectively, and the read or write beam 20 onto 
a quad field detector 60. A portion of the read or write beam 
20 is reflected by the polarizing beam splitter 50 into a level 

15 detector 56 which provides a feedback through a power level control 
circuit 58 to a drive circuit 38 which, in turn, controls the 
power applied to the acoustic optical modulator 14, 

Conventionally, the power of the write beam is an order of 
magnitude greater than the power of the read beam. Typically, 

20 therefore, the laser 10 is operated at one power level for read 
operations and a second power level for write operations. This, 
likewise, caiases the read -be fore-write beam 22 and the read-after- 
write beam 24, derived as they are from the read or write beam 
20, to vary in the same ratio of power* 

25 The track signal detectors' 34,36 operate by discriminating 

between small changes in reflected intensity as the corresponding 
beams on the track 28 cross a track botmdary as shown in Figure 
2. The variations in signal power detected by the track signal 
detectors 34j36 are, in turn, fed into a servo system (not shown) 

30 which maintains the optical system focused on the centre of the 
track 28. 

One can readily see the cingineering problem posed by having 
the read-be fore-write beam 22 and the read-after-write beam 24 
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respectively operating at two magnitudes of power an order of 
magnitude apart « where the track signal detectors 34^36 are 
attexnpting to distinguish between small changes in power* The 
- present invention see3cs to overcome thi^ problem* . - .r.. - ^ 
5 Figiure 3 shows a first embodiment of a switching laser beam 

apparatus according to the present invention for optical recordingo 
like parts in Figures 1 and* 3 have been designated by the same 
reference numerals. 

In the switching laser beam apparatus of Figure 3 a write 

10 beam 44 is centred on an optical path 46. A mirror 62, having 
a central apertixre, is mounted in the optical path 46 and an 
attenuator 40 is mounted between the half-wave plate 16 and the 
diffraction grating 18. The mirror 62 is mounted to intersect 
the write beam 44 and reflect it into the polarizing beam splitter 

15 50 such that it is then reflected by the polarizing beam splitter 
through the quarter-wave plate 52 and the objective lens 54 onto 
the optical recording surface 30 at approximately the same location 
as that of a read beam 42 produced from the laser beam by the 
diffraction grating 18. Thus the write beam is returned to the 

20 optical path of the read beam after the diffraction grating 18. 

Referring to Figure 4, the drive circtiit 38 includes a fixed 
frequency oscillator 64 whose output is adjusted by a=.fine frequency 
adjust circuit 66 responsive to a control signal £rom the quad 
field detector 60* to adjusted oscillator signal from the adjust 

25 circuit 66 is fed to an on/off control circuit 68 which permits 
the adjusted oscillator signal to pass selectively to an RF 
amplifier 70. The on/off control circuit 68 is responsive to 
a write signal 72. Essentially when information, such as a ""hole*" 
is desired to be written on the optical recordinq surface 30, 
' 30 the write signal 72 causes the oii/of f control circuit 68 to pass 
the adjusted oscillator signal through to the RF aniplifier 70. 
In contrast when no infozrmation is desired to be written on the 
optical recording surface" 30, the write signal causes the on/off 
control circiiit 68 to block the adjusted oscillator signal. As 
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a result, the RF anplifier outputs no signal to a transducer 74 

of the acoustic optical modulators 14- With no signal at the 

transducer 74, the acoustic optical modulator passes the entire 

beam 12 through the awi^tic optical modulator 14 to the dif f iSaction"" 

grating 18 at near maximum intensity. When the on/off control 

circuit 68 passes the adjusted oscillator signal onto the HP amplifier 

70, the amplified signal from the RF amplifier causes the transducer 

74 to induce sonic waves in the acoustic optical modulator 14. 

The interference between the acoustic waves and the beam 12 passing 

through the acoustic optical modulator causes a portion of the 

laser beam to be deflected at an angle e by so-called Bragg 

diffraction. The Bragg angle © is given hy: 

sin e = X / 2 n T, 

where X is the wave length of light in the media, n is the refractive 

index of the media and T is the wave length of the acoustic waves, 

i.e. T = v / f where v is the velocity of the acoustic waves 

a a a 
and f is the frequency of the acoustic waves - 

Again referring to Figure 3, when the acoustic optical modulator 
14 deflects the write beam 44 along the optical path 46, the write 
beam impinges on the mirror 62 which reflects it into the polarizing 
beam splitter 5p. which, in turn, reflects the write beam through 
the quarter-wave plate 52, the objective lens 54 and on to the 
optical recording surface 30. Until the write beam burns a -hole- 
in the optical recording surface 30 it reflects back through the 
ob jective lens 54, the quarter-wave plate 52, the polarizing 
beam splitter 50, the central aperture in -the mirror 62 and through 
the cylndrical lens 32 where it Impinges on the quad field detector 
60. A split field detector may be used in place of the quad field 
detector. The quad field detector detects the percentage of the 
beam lying in four respective quadrants and provides the control 
signal to the adjust circuit 66 thereby to adjust the Br ajgg: angle 
, © of the write beam. It also provides a signal to a servo system 
(not showji) to compensate for offset of the focusing of the objective 
lens 54. If a split field detector is used, only adjustment of the 
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Bragg angle B is possible. 

Again referring to Figure 3 when the beam 12 is tsiideflected^ 
it passes through the half -wave plate 16 and encounters the attenuator 
40 . The attenuator cuts the power of . the beam .12. by, an order 
of magnitude* 2n the preferred embodiment^ the power of the beam 
is cut to approximately 5% of the original power of the beam. 
Thereafter, the attenuated beam passed through the diffraction 
grating 13 where it is split into the read beam 42, the read- 
before-write beam 22 and the read— after-write beam 24, which, 
after passing through the polarizing beam splitter 50, the quarter— 
wave plate 52, and the objective lens 54, impinge i^n the optical 
recording surface 30 as shown in Figxare 2. Thereeifter, the beams 
22,24,42 are reflected back through the objective lens and the 
qucirter-wave plate where they are reflected by the polarizing 
beam splitter downwards. The dotted lines in Figure* 3 represent 
the paths taken by the read-be fore-write beam and the read-after— 
write beam. The beams 22,24,42 pass through the central aperture 
of the mirror 62, through the cylindrical lens 32 and impinge 
ripon the respective track detectors 34,36 and the quad field detector 
60. The impingement of the read-be fore-write beam and the read— 
after-write beam on the track signal detectos* 34,36 respectively 
serve the same servo function as in the known apparatus of Figure 
1 but the power level impinging v^n these detectors has a maximum 
predetermined level determined by the maximiTm power of the beam 
12 as attenuated by the attenuator 40. The quad field detector 
60, detecting the reflected read signal, provides feedback to 
the servo system to adjust for accurate focusing of the objective 



lens 54. 



Again referring to the write beam -44^ when it enters the 
polarizing beam splitter 50 a percentage of the beam is transmitted 
directly through the polarizing beam splitter 50 and Impinges 
ijpon the level detector 56. The level detector 56 then provides 
a feedback signal to the power level control circuit 58 which, 
in turn, provides a power level control signal to the RF amplifier 
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70 in the drive circuit* 38. Likewise, a certain percentage of the 
read beam 42 is reflected to the level detector 56 by the polarizing 
beam splitter 50 and the power of the read beam is also dynamically 
adjusted by the power level control circuit 58 providing the power 
5 level control signal to the RF amplifier 70 in the drive circuit 
38. 

The implication of the above is as if the beam 12 were being 

entirely deflected into the optical path of the write beam 46 

such that there remained no residustl power along the optical path 

10 of the read beam 42 • In practice, the percentage of the beam 

deflected along the optical path 44 which is a first order diffraction 

path depends upon the amount of power induced into the acoustic 

optical modulator 14 by the transducer 74. The intensity of light 

in the first order diffraction path iss 

15 1 = 1 sin^ (A4 / 2) 

o 

where is the incident intensity and 

A(|> = 2 ir £ An/ X, where I is the interaction length, 
X is the wavelength of the laser light and 

An - (M^ 10^ P / 2 A)^^^, 

20 where 

= p2 / p 

is a figure of merit for t& material, p being the coii5)onent 

of the photoelastic tensor, p the density in g/cc, V the acoustic 

* a 

velocity in cm/s, n the refractive index of the acoustic medium, 

25 P the acoustic power in watts, and A the cross -sectional area 

2 * ' * . 

of the acoustic beam in cm . It cm be seen from the above equations 

that the percentage of beam deflected into the first order diffraction 

path is dependent upon the power of the transducer 74. Thus when 

it is said that the beam 12 is deflected along the optical path 

3Q 44 of the write beam 46, what is meant is that a certain percentage 

of the beam 12 is deflected along this optical path whilst the 

remainder continues along the optical path of the read beam 42. 

It will be appreciated that by controlling the attenuator 40 it 

is possible to select the appropriate percentage of the power of 
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t-he beam 12 to be deflected along the optical path 46 so as to 
minimise or maximise the amount of power used either by the trans* 
ducer 74 or the amount of power absorbed by the attenuator 40, 

Figure 5 shov/s a second embodiment of a switching laser beam 
5 " apparatus according to the present invention- In this embodiments^ 
the attenuator 40 of Figixre 3 has been eliminated so that the 
read beam 42 is permitted to pass onto the optical recording surface 
30 at undiminished power* Xn this embodiment the write beam '44 
is constantly "on", but when it is desired not to write, the write 

10 beam is deflected into a beam stop 78* . The write beam is selectively 
directed along two optical paths s the optical path 46 where it 
is directed into the mirror 62 and used to write data onto the 
optical recording surface 30, and an optical path 80 where it 
is directed into the beam stop 78 when it is not desired to write 

15 data onto the optical recording surface' 30. Data comprising a 
series of burns or not burned areas ot "holes" of the optical 
recording surface 30 can be written using this switching laser 
beam apparatus by high frequency switching of the write beam between 
the -optical paths 46«80. The other parts shown in Figure 5 are 

20 t.he same as those shown in Figure 3 and will not be described 
further. 

Figure 6 shoxvs the drive circuit 38 of the switching laser 
beam apparatus of Figure 5 necessary to achieve the deflection 
of the write beam along the optical paths 46,80. Like pcirts 

25 in Figures 4 and 6 gave been designated by the same reference 

numerals. The on/off control circuit 68, shown in Figure 4, has 
been replaced by frequency control circuits 74,76 and a switch 
82 for switching the outputs of the freG[uency control- circuits 
74,76 into the RF amplifier 70* The switcb 82 is responsive to 

30 the write signal 72* The output of the frequency control circuit 74 
causes the acoustic optical modulator 14 to deflect a percentage of 

the beam 12 by an angle e along the optical path 46. The output 
of the frequency control circuit 76 causes the acoustic optical 
modulator 14 to deflect a percentage of the beam 12 at an soigle -B 

JO 
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along the optical path 80. The actual difference between angles 

and need not be very large and in practice should be made 
small so that the deflection can be made rapidly* Therefore the 
frequency difference between the outputs of the frequency control 
circuits 74,76 are similarly small. It will be ^preciated that 
the frequency of the frequency control circuit 76 is a higher 
frequency than the frequency of the frequency control circuit 
• 74. 

In this embodiment the power at which the transducer 74 is 
operated ±s sufficient to divert approximately 95% of the power 
of the beam 12 into either the optical path 46 or the optical 
path 80. The remaining 5% of the power continues along the optical 
path of the read beam 42 • As a result, the track signal detectors 
34,36 detect the readHbefore-write beam and the read-after-write 
beam at a constant power, far less than the power were the right 
beam transmitted along the optical path of the read beam 42 
undiminished in power. 
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1. A switching laser beam apparatus for optical recording 
comprising: a laser (10) for projecting a laser beam (12) in 

•^^a first path?- splitter means (18) for generating a read-be fore- 
write beam (22) a read beam (42) and a read-after-vrite beam 
5 (24) from the laser beam (12) ; and an aconstic optical modulator 
(14) between the laser (10). and the splitter meai^ (18) in the 
path of the 3.aser beam (12), characterised by generating means 
(38) for generating a signal for causing the acoustic optical 
modulator (14) to produce a write beam (44) by diffracting a 
10 predetermined percentage of the laser beam into a second path 

(46) ; and diverting means (50,62) for diverting the write beam 
(44) into the first path cifter the splitter means (18). 

2. An apparatus as claimed in claim 1 chsuracterised by including 
detector means (60) for detecting the write beam (42) after 

IS reflection from an optical recording surface "(30), the generating 
means (38) including adjxist means (66) for altering the frequency 
of said signal in response to the detector means. 

3. An apparatus as claimed in claim 2 characterised in that 
the detector means (60) is a split field detector or a quad field 

20 detector • 

4i An apparatus as claimed in claim' 3 characterised in that 

the quad field detector (60) includes means for detecting the 
path of the reflected write beam in two dimension^ to permit control 
in the two dimensions. 
• 25 5« An apparatios . as claimed in any preceding claim characterised 
by including attenuator means (40) disposed between the acoustic 
optical modulator (14) and the splitter means (18) in the first 
path. 

6« An apparatus as claimed in any preceding claim characterised 
30 in that the generating means (38) includes switch means (68) 

responsive to a write signal (72) for selectively passing said 
signal to the acoustic optical modulator (14) for selectively 
producing the write beam (44) . 
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7. An apparatus as claimed in any of claims 1 to 4 characterised 
by including a beam stop (78) mounted at a position out of the 
second path (46) ^ the generating means (38) Including meaiis (76) 
for generating a further signal having a frequency different 
from that of the first-mentioned signal for causing the write 
beam (46) to be diffracted to said beam stop (78), and means (82) 
responsive to a write signal for selectively applying the first- 
mentioned and further signals to the acoustic optical modulator 
(14). 
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